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EnGen Institute is a not-for-profit perpetual trust for research and education which 
is a registered charity with deductible gift recipient status.
EnGen Institute develops advanced life support technology for communities and 
has research programs in generative engineering (knowledge based engineering 
and design automation), energy generation and environment generation.
The energy generation program develops ocean energy and hydrogen energy 
technology.
The Institute’s approach is based on -
– Goal-oriented applied research
– Technology development and transfer 
– Research collaboration, co-ordination and management

This research is a collaboration with –
Dr Greg Rau, Marine Science, USC & Lawrence Livermore National Laboratories
Dr Andrew Dicks, Dept of Chemistry, University of Queensland (fuel cell authority)



Hydrogen Technology



Hydrogen Economy DriversHydrogen Economy Drivers

Long term environmental drivers to the Hydrogen Economy
• climate change - the need to reduce carbon emissions

• peak oil – the increase in cost of oil for transport
- and the need to keep oil for chemical processes (eg pharmaceuticals, textiles, food)

• pollution – increasing ‘smog’ or airborne hydrocarbon and particulate levels in major cities

Technical drivers related to renewable energy
• need for long distance transmission of energy (hydrogen pipelines)

- more energy efficient than the transmission of electricity via power lines

• electricity can only be stored in small volumes (batteries)
- H2 pipelines can store TWh

• power lines are not divisible (a circuit) and not relocatable  
- but H2 bulk shipping is both



Hydrogen Economy BarriersHydrogen Economy Barriers
H2 is a very small, fast, simple and reactive molecule
and consequently has –
• Low energy density by volume
• High energy density by weight
- which results in storage and

transport inefficiency

The high cost of electrolysers is
why producing H2 from renewable
energy is expensive and why
hydrogen is produce largely by
reforming methane releasing CO2

A new process to cost-effectively convert renewable energy
(electricity) to hydrogen would be a major step towards the 
Hydrogen Economy – a process that was carbon negative 
would be even better – then bulk, low cost RE would be needed .

Tube Trailer delivery 
and storage modules



Hydrogen pipelinesHydrogen pipelines
H2 is a very small, fast, simple and reactive molecule
and consequently has –
• potential leakage & storage problems 

(solved with new plastic pipes and liners)
• low viscosity (low pipeline pumping losses)

“ In transporting hydrogen gas in plastic pipe 
the technical report mentioned in 1 above 
indicates that PVC and PE pipes manufactured 
in accordance with ASTM D2513-81 have good 
chemical resistance.  Those pipes would 
appear to be appropriate for hydrogen.”

Richard L. Beam
Associate Director for Pipeline Safety Regulation
Materials Transportation Bureau



Hydrogen pipelinesHydrogen pipelines

Existing gas pipes retro-fitted with plastic liners

Over long distances - hydrogen pipelines 
deliver energy more cost effectively than 
powerlines



Shipping HydrogenShipping Hydrogen

Active hydrogen diffusion barrier



Recovering Hydrogen from Gas MixturesRecovering Hydrogen from Gas Mixtures

Concurrent pipeline transport or 
tanker shipping of gas mixtures 
with hydrogen extraction at 
customer site

Gas Separation



Hydrogen for cleaner combustionHydrogen for cleaner combustion
H2 is a very small, fast, simple and reactive molecule
and consequently has –

- faster flame speed (speeds up combustion of other fuels)
- ‘negative emissions’ (can clean ambient air of smog)

• environmental benefit is
greatest when hydrogen
is mixed with LPG or CNG,
petrol or diesel, or bio-fuels

• 6 % hydrogen gives
- more power,
- better economy and
- cleaner combustion

(Uni. Of Austin Texas) 



Hydrogen for cleaner combustionHydrogen for cleaner combustion
Long term driver towards

the Hydrogen Economy is the

⇒ trend to hydrogen rich,
low carbon fuels

mixtures of methane (LNG/CNG)
and hydrogen will have H2/C
ratios extending well beyond 4
towards pure hydrogen



Marine Energy



MARINE ENERGY RESOURCEMARINE ENERGY RESOURCE

Oceans cover
71% of the planet

Marine Energy
2 types 

GRAVITY driven 
SOLAR INFLUX driven



Marine TechnologiesMarine Technologies

GRAVITY driven
Tidal Range
Tidal Current

_______________________

SOLAR INFLUX driven
OTEC
Wave
Ocean Current
Osmotic Power
Offshore Wind

Ocean Sequestration
Abyssal plane sequestration
Subsea Geo-sequestration
AWL (Augmented Weathering of Limestone)

___________________

Seawater electrolysis

The technologies shown in aqua
will be described. They can be
combined in a mission to –

‘Save the Great Barrier Reef’



Tidal Current EnergyTidal Current Energy
Solar, Wind & Wave  v  Tidal Current

Sea Water is 837 times more 
dense than air.

Tidal Current power energy 
density is orders of magnitude 
greater than wind power –

Wind turbine ≈ 10 kg/s/m2

Tidal turbine ≈ 3 ton/s/m2

Solar                Solar                -- kWkW
Wind & Wave  Wind & Wave  -- MWMW
Tidal Current   Tidal Current   -- GWGW

Comparing Comparing ‘‘Apples with ApplesApples with Apples’’ --
in   10 meter deep sea - Tidal Current Energy =  100 kW per lineal meter
in 100 meter deep sea - Tidal Current Energy =     1 MW per lineal meter
in 100 meter deep sea - 8 knots, 25% efficiency = 1 GW per kilometre1 GW per kilometre



Tidal ResourceTidal Resource
The majority of the resource is in remote locations



GRAVITY driven Marine EnergyGRAVITY driven Marine Energy

Tidal Currents
– Dynamic model



Climate Effects
- SOLAR INFLUX Driven



Marine Energy Technology BenefitsMarine Energy Technology Benefits
Can counteract major Marine Climate Change effects
Reducing atmospheric GHG  emissions will be too slow

Hot Acidic Oceans            – Short Term Impact
Coral Reef Bleaching
Declining in shell fish

Rapid Climate Change     – Medium Term Impact
Hot equatorial currents melt ice caps, dilute seas, effect ocean conveyor
Decline in deep ocean circulation is already happening
Meridional Overturning – now 1 of the 4 USA marine research priority investigations

Ocean Anoxic Events      – Long Term Impact
Onset due to major vulcanism OR
High greenhouse temperatures (wind & rain pattern shift, forests burn, methane hydrates, etc)

Local anoxic zones already exist
Hydrogen Sulphide  – asphyxiation
Loss of Ozone layer – genetic damage



Hot Acidic OceansHot Acidic Oceans
Climate Change – Coral reefs as lead indicators

Great Barrier Reef generates $6B/annum – tourism, fisheries etc

Note: the hot ocean currents are at the 
surface with cooler water below



Hot Acidic OceansHot Acidic Oceans

Climate Change – Coral reefs as lead indicators

Tidal and hot ocean currents enter the reef through passages and both 
can be slowed with tidal turbines that can also pump up cooler water



Our Research



Tidal Stream – Cross-flow TurbinesTidal Stream – Cross-flow Turbines
Helical Turbine – complementary development work in Australia

EnGen Institute  -

- spin-off development company in 2006

‘HydroGen Power Industries Pty Ltd’

submersible generator & 
power electronics



HydroGen Power Industries – Tidal JettyHydroGen Power Industries – Tidal Jetty
Suitable for inshore locations



HydroGen Power IndustriesHydroGen Power Industries



Hot Acidic OceansHot Acidic Oceans

Tidal Turbines can be applied to cool the sea surface waters 

But what about increasing ocean acidity?
- that can be addressed with AWL technology
- ‘Accelerated Weathering of Limestone’ greatly increases the speed of the

natural process that would eventually absorb CO2 and lower ocean acidity

The following slides provided by Dr Greg Rau explain the rationale,
mechanism and expected outcomes from AWL



AWL Technology

































Save the Reef (s)
By convert limestone to calcium bicarbonate via a (proprietary) fuel cell which absorbs CO2, 
produces H2 and O2, reduces ocean salinity and provides reef re-building material, AND

Develop a new cost-effective highly carbon negative process to convert -

Renewable Energy Hydrogen
The keys to cost effectiveness are –

1. site selection – limestone on a coast with copious marine energy
2. expertly developed fuel-cell system – optimal catalysts & electrodes



Seawater ElectrolysisSeawater Electrolysis
"Bio-Rock" is the brainchild of scientist Thomas Goreau and the late architect 
Wolf Hilbertz. The two have set up similar structures in some 20 countries. When 
hooked up to a low‐voltage energy source limestone—a building block of reefs—
naturally gathers on the metal. 

Electricity Revives Bali Coral Reefs
Associated Press Dec 4, 2007

Now they are coming back, thanks to an unlikely 
remedy: electricity. 
The coral is thriving on dozens of metal structures 
submerged in the bay and fed by cables that send 
low‐voltage electricity, which conservationists say is 
reviving it and spurring the growth. 
As thousands of delegates, experts, and activists 
debate climate at a conference that opened this 
week on Bali, the coral restoration project illustrates 
the creative ways scientists are trying to fight the ill‐
effects of global warming



Global map of Coral ReefsGlobal map of Coral Reefs
Coral reefs have the richest marine ecologies
300M people to our north live on islands and depend on coral reef fisheries


